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METHOD AND SYSTEM FOR REMOVING
ARTIFACTS IN COMPRESSED IMAGES

FIELD OF THE INVENTION

The vention relates generally to the field of digital
image processing, and in particular to removing artifacts

from compressed 1mages.

BACKGROUND OF THE INVENTION

The JPEG (Joint Photographic Experts Group) and MPEG
(Moving Picture Experts Group) standards for image com-
pression have been adopted for many diverse digital imaging,
applications. A commonality between these standards 1s the
use of the discrete cosine transtform (DCT). In both JPEG
and MPEG, the pixel values that represent an original image
are divided into non-overlapping, contiguous 8x8 blocks.
Each 8x8 block 1s then transformed with the DCT to produce
64 spatial frequency coellicients. The lowest frequency
coeflicient 1s termed the DC coeflicient, and it 1s related to
the mean of the original 8x8 block of pixel values. The other
63 coellicients are termed the AC coeflicients, and they
represent the fluctuations of the pixel values around the
mean. The 8x8 DCT that 1s used in JPEG and MPEG 1s an

example of a block-transiorm.

During the compression process, the frequency coetli-
cients for each 8x8 block are quantized to reduce the number
of possible values. The degree of quantization for each
coellicient 1s specified by a quantization table (or g-table)
that consists of 64 values, one for the DC coeflicient and one
tor each of the 63 AC coellicients. A larger g-table value for
a given coellicient indicates more quantization. The quan-
tized coeflicients are then converted to a binary representa-
tion using various encoding methods. The binary represen-
tation 1s the data that 1s stored or transmitted 1n a compressed
file. To reconstruct an 1image from the compressed file, the
binary representation is decoded to recover the quantized
coellicients for each 8x8 block. The quantized coeflicients
are then dequantized to produce dequantized coetlicients,
which are an approximation to the original frequency coet-
ficients. Finally, the dequantized coeflicients are transformed
into an 8x8 block of reconstructed pixel values using an
inverse DCT.

An 1mage that 1s reconstructed from a compressed file
consists of the concatenation of 8x8 blocks of pixel values
that have been quantized in the DC'T frequency domain. The
quantization of the coeflicients 1s the mechanism that allows
a tradeoil between amount of compressed data and the
quality of the reconstructed image. It 1s well known that an
image that has been compressed using the DCT can produce
objectionable artifacts at high compression levels, which
corresponds to high levels of quantization. These artifacts
include blocking artifacts, which are primarily the result of
coarse quantization of the low frequency coellicients (par-
ticularly the DC coellicient), and ringing artifacts, which are
primarily the result of coarse quantization of the mid/high
frequency AC coethlicients. Blocking artifacts are produced
largely by discrepancies between the mean values of adja-
cent 8x8 blocks, and these discrepancies are particularly
noticeable 1n 1mage regions that have low detail, 1.e., regions
that have slowly varying content such as sky or water.
Ringing artifacts occur near edges, 1.e., abrupt changes from
light to dark or vice versa, and they are particularly notice-
able when there 1s a low detail region on one or both sides
of the edge. As used herein, regions that are adjacent to low
detail regions are termed boundary regions.
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Numerous techniques have been described 1n the patent
and techmical literature to reduce the blocking and ringing
artifacts that occur at high compression levels 1n compressed
images. Some techniques are aimed at removing only the
blocking artifacts (usually termed “deblocking™ techniques),
while other techniques attempt to address both types of
artifacts, often through the use of diflerent processing meth-
ods for the blocking artifacts and the ringing artifacts. A
common problem for all of these techniques 1s providing an
adequate reduction in the artifacts while still preserving
desirable 1image content.

In our experience, one of the best methods for artifact
reduction 1s that described in commonly-assigned U.S. Pat.
No. 6,427,031, “Method for removing artifacts 1n an elec-
tronic 1mage decoded from a block-transtform coded repre-
sentation of an image,” to J. R. Price. This patent 1s
incorporated herein 1n its entirety by reference. Price teaches
a method for artifact reduction that segments an 1mage into
low detail regions and boundary regions, and then applies
different processing steps to each region. While this method
provides a significant reduction 1n the appearance of arti-
facts, particularly at high compression levels, it still suflers
from several disadvantages. First, the type of processing that
1s applied to the boundary regions can result in a blurring of
desirable 1image content 1n these regions, leading to a loss 1n
apparent sharpness. Second, the method does not adapt to
the compression level, so the same processing 1s applied
regardless of the severity of the artifacts. This lack of
adaptivity 1s common to most artifact reduction methods,
and 1t can lead to additional blurring of desirable image
content. Third, the processing parameters for the low detail
and boundary regions are chosen independently of one
another, which can lead to noticeable switching artifacts at
the interface of the low detail and boundary regions. Finally,
the high detail regions, 1.e., regions that are not low detail or
boundary, are not processed even though artifacts may be
present. In the high detail regions, the presence of image
content that has significant activity provides a masking
signal that renders the artifacts less obvious. However, it
may be desirable to provide some artifact reduction in the
high detail regions as well.

Thus, there 1s a need for an artifact reduction method that
does not blur desirable 1image content while still providing a
significant reduction 1n the artifacts. Moreover, the method
should automatically adapt to the compression level so that
the degree of artifact reduction 1s matched to the severity of
the artifacts. Finally, the method should provide a unified
framework so that the different regions (low detail, bound-
ary, and high detail) are processed in such a way that the
transitions between the regions are not objectionable in the
final 1mage.

SUMMARY OF THE INVENTION

The need 1s met according to the present invention by
providing a method for removing compression artifacts in a
digital 1image that has been decoded from a compressed
representation of the image, where the digital 1mage 1s
represented by a plurality of pixels, comprising the steps of
segmenting the pixels of the digital image into low detail
pixels, high detail pixels, and boundary pixels; and applying
a single filtering method to each pixel in the digital image,
wherein separate filter parameters are selected for the low
detail, high detail, and boundary pixels.

In a preferred embodiment, the single filtering method 1s
implemented by a non-linear filter, such as a sigma filter, and
the filter parameters include a dependence upon the com-
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pression parameters that were used 1n producing the com-
pressed representation of the image.

The present mvention provides improved blocking and
ringing artifact removal without overly smoothing desirable
image content. The degree of artifact removal 1s varied with
the compression level to achieve the highest possible image
quality regardless of the severity of the artifacts.

These and other aspects, objects, features and advantages
of the present invention will be more clearly understood and
appreciated from a review of the following detailed descrip-
tion of the preferred embodiments and appended claims, and
by reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating an overview of the
present invention.

FIG. 2 1s a block diagram illustrating the operation of a
segmentation unit for labeling the 1mage pixels.

FIG. 3 1s a block diagram illustrating the operation of a
filtering unit for filtering the 1image pixels.

FIG. 4 1s a block diagram illustrating the operation of a
filter parameter generator.

FI1G. 5 1llustrates the zigzag indexing of the JPEG g-table
values.

FIG. 6 1s a pictonial diagram of a computer system for
implementing the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

In the following description, a preferred embodiment of
the present invention will be described 1n terms that would
ordinarily be implemented as a software program. Those
skilled 1n the art will readily recognize that the equivalent of
such software may also be constructed in hardware. Because
image manipulation algorithms and systems are well known,
the present description will be directed in particular to
algorithms and systems forming part of, or cooperating more
directly with, the system and method in accordance with the
present nvention. Other aspects of such algorithms and
systems, and hardware and/or software for producing and
otherwise processing the image signals involved therewith,
not specifically shown or described herein, may be selected
from such systems, algorithms, components and elements
known 1n the art. Given the system as described according,
to the mvention in the following materials, software not
specifically shown, suggested or described herein that 1s
usetiul for implementation of the mvention 1s conventional
and within the ordimary skill 1n such arts.

Still further, as used herein, the computer program may be
stored 1n a computer readable storage medium, which may
comprise, for example; magnetic storage media such as a
magnetic disk (such as a hard drive or a floppy disk) or
magnetic tape; optical storage media such as an optical disc,
optical tape, or machine readable bar code; solid state
clectronic storage devices such as random access memory
(RAM), or read only memory (ROM); or any other physical
device or medium employed to store a computer program.

In the following description, the present mmvention 1s
described using a JPEG-compressed image as the preferred
example. It 1s understood by those skilled 1n the art that the
same method can be applied to an 1mage or sequence of
images that have been compressed using other techniques,
e.g., MPEG or motion JPEG, that employ the DCT and
similar transforms, as well as more recent techniques such as
JPEG 2000 that employ the discrete wavelet transform.
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4

Likewise, the present invention 1s described as 1t applies to
a monochrome 1mage or a single channel of a color 1image,
¢.g., the luminance channel. It 1s understood by those skilled
in the art that the method can be extended to provide artifact
reduction 1n the other color channels, 1.e., the chrominance
channels, and specifically, such extensions as described 1n
U.S. Pat. No. 6,427,031.

Referring to FIG. 1, there 1s shown a block diagram that
illustrates the basic components of the present invention. A
JPEG-compressed image 10 1s first decompressed using a
JPEG decompressor 12 to form a reconstructed digital image
14. The reconstructed 1mage consists of an MxN array of
pixel values, which are sent to a segmentation unit 16 that
produces a pixel label map 18 that labels each pixel as low
detail, boundary, or high detail. The operation of the seg-
mentation unit will be described shortly. The reconstructed
image pixel values and their associated labels are sent to a
filtering unit 20, which processes the pixel values to produce
a processed 1mage 22 that has reduced blocking and ringing
artifacts as compared to the reconstructed image 14. The
operation of the filtering umit also will be described shortly.
The filtering unit 20 receives {ilter parameters 24 from a
filter parameter generator 26, and separate parameters are
provided for the low detail, boundary, and high detail pixels.
The filter parameters 24 control the operation of the filtering
unit 20 for each pixel 1n accordance with 1ts associated label.
The filter parameter generator 26 determines the filter
parameters for the low detail, boundary, and high detail
pixels and 1s responsive to different compression levels.
Further details of the filter parameter generator will be
described shortly. To achieve this adaptivity, the filter
parameter generator 26 requires iformation about the com-
pression level of the JPEG-compressed file 1n the form of the
g-table 28 from the header of the JPEG-compressed file, or
the g-table 28' can be estimated from the reconstructed
image 1n the absence of the JPEG-compressed file using a
g-table estimator 30. Techniques for estimating the g-table
from a reconstructed image have been described in the
technical literature and are known by those skilled 1n the art.
An example of a g-table estimation technique 1s “Maximum
likelihood estimation of JPEG quantization table in the
identification of bitmap compression history,” Z. Fan and R.
de Queiroz, Proc. IEEE Int. Conf Image Processing (ICIP)
2000, Vancouver, Canada, Sep. 10-13, 2000.

Referring to FIG. 2, a block diagram 1s shown that
illustrates the detailed operation of the segmentation unit 16.
The reconstructed image 14 1s received as an input to the
segmentation unit, and a local activity map 32 1s computed
from the reconstructed 1image using a local activity unit 34.
The local activity map specifies a local activity value for
cach pixel in the reconstructed image, and it can be com-
puted in numerous ways. As described 1n U.S. Pat. No.
6,427,031 by Price, one method for computing the local
activity 1s to use gradients, which are smoothed with a 9x9
Gaussian filter to reduce noise and diffuse large gradients 1n
order to produce a more robust pixel label map. Other
methods for computing the local activity map will be
obvious to those skilled in the art, including computing the
variance for each pixel value using an mxm window that 1s
centered on the pixel. Typical values for m are 3, 5, 7, or 9,
and larger values for m may eliminate the need for a
subsequent smoothing step. The local activity map 32 1s then
compared to a predetermined threshold T,, 36 using a low
detail labeling unit 38, and i1 the local activity value 1s less
than or equal to the threshold, the corresponding pixel 1s
labeled as a low detail pixel. The result of this threshold
comparison process 1s a low detail map 40.
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Boundary pixels are then identified from the low detail

pixel map using a boundary labeling unit 42 as described in
U.S. Pat. No. 6,427,031. A kxk window 1s centered over

every pixel that has not been labeled as low detail, and 1f
more than one low detail pixel 1s contained within the kxk
window, the pixel on which the window 1s centered 1s

labeled as a boundary pixel. Typical values for k are 13, 15,
17, or 19.

Any pixel that has not been labeled as either low detail or
boundary 1s labeled as high detail. For convenience in
subsequent processing ol the image, a pixel label map 18 1s
generated by assigning a numerical value to each of the pixel
types. For example, a high detail pixel has a label of 0, a low

detail pixel has a label of 1, and a boundary pixel has a label
of 2.

Referring to FIG. 3, a block diagram 1s shown that
illustrates the detailed operation of the filtering unit 20. The
filtering unit 20 recerves the pixel label map 18 and filter
parameters 24, and each pixel of the reconstructed 1image 14
1s filtered according to the filter parameters that are associ-
ated with its corresponding pixel label to produce a pro-
cessed 1mage 22. Each type of pixel (low detail, high detail,
and boundary) has associated parameters that are provided
by the filter parameter generator 26. The operation of the
filter parameter generator will be described shortly. In U.S.
Pat. No. 6,427,031 by Price, the filtering of the pixels 1s
achieved using two different filtering techniques. Each low

detail pixel 1s filtered with an 11x11 Gaussian filter to
provide significant smoothing of blocking artifacts, and each
boundary pixel 1s filtered using one of four 5x5 directional
filters. The directional filters attempt to remove ringing
artifacts while preserving edges. As noted previously, our
experience 1s that the directional filters do not perform as
desired, and the result 1s a loss of sharpness. In addition, the
use of very different filtering methods for the low detail
pixels and the boundary pixels can produce objectionable
switching artifacts between adjacent areas 1n the image. To
overcome these limitations, the present invention uses a
single filtering method with diflerent filter parameters for the
low detail and boundary pixels. The same filtering method
can also be applied to the high detail pixels to turther reduce
artifacts 1f desired. In contrast, the method in U.S. Pat. No.
6,427,031 by Price does not provide for any processing of
the high detail pixels.

The filtering method of the present mmvention 1s based
upon a nonlinear spatial filter called the “sigma™ filter as
described by J.-S. Lee 1n “Digital Image Smoothing and the
Sigma Filter”, Computer Vision, Graphics, and Image Pro-
cessing, Vol. 24, 1983, pp. 255-269. The sigma filter has
several properties that make 1t particularly suitable for the
reduction of compression artifacts. However, 1t will be
obvious to those skilled 1n the art that other nonlinear spatial
filters could be used to provide similar effects. The sigma
filter performs pixel averaging over a window that 1s cen-
tered about the current pixel that 1s being processed. Typi-
cally, the window 1s an nxn square window, but it can be
rectangular or even arbitrary in shape. We will only consider
square windows without loss 1n generality. Pixels within the
nxn window are either included or excluded from the pixel
averaging on the basis of the absolute difference between
cach pixel value and the center pixel value. Mathematically,
the sigma filter can be represented as:
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(1)

where

(2)

-x.1=¢, O otherwise.

c Vi —

t::tzjzl if Ix

and x . 1s the original center pixel value, X is the filtered
center pixel value, the x,’s are the pixel values within the
nxn window that 1s centered on x_, and € 1s a threshold that
controls the degree of filtering. Larger values for € will result
in the inclusion of more pixel values in the average for a
given center pixel and hence will result 1n more smoothing.
Note that for e=0, the center pixel value 1s not modified,
which 1s equivalent to not performing any {filtering.

If a sigma filter 1s applied to a compressed 1mage, it 1s
possible to remove blocking and ringing artifacts through an
appropriate selection of the threshold e for the different pixel
types (low detail, boundary, and high detail). The sigma
filter threshold provides a convenient parameter than can be
casily adjusted as a function of the pixel label and the
compression level. Referring to FIG. 3, a filter parameter
selector 44 receives three sigma filter threshold values (e,
€,, €,) 48, which correspond to the three types of pixel labels
(high detai1l=0, low detail=1, boundary=2). Each pixel in the
reconstructed image 14 1s filtered using a sigma filter 46 with
a threshold selected 1n accordance with the pixel’s label. As
mentioned, if the corresponding threshold value for the
given pixel label i1s zero, the effective result 1s that no
filtering 1s performed. For high detail pixels, 1t may be
advantageous to use a threshold of zero as it can greatly
reduce the total number of filtering operations in an 1mage,
and artifacts are inherently less visible in the high detail
regions because the high activity image content provides a
masking signal.

The size of the nxn sigma filter window 1s also an
important parameter in the operation of the present inven-
tion. Referring again to FIG. 3, the filtering unit 20 receives
three sigma filter window sizes (n,, n,;, n,) 50, which again
correspond to the three types of pixel labels (high detail=0,
low detail=1, boundary=2). Large values for n can provide
a greater reduction in artifacts, but they require more com-
putations and they may also lead to blurring of desirable
image content. Because blocking and ringing artifacts in
JPEG compressed images occur over 8x8 blocks of pixels,
the size of the sigma filter window must be suthliciently large
to span across block boundaries. As a result, typical values
fornare 7, 9, or 11. As noted previously, the 1mage content
provides a masking signal that lowers the wvisibility of
artifacts in the high detail pixel areas, and 1t can be beneficial
to reduce the sigma filter window size for high detail pixels.
¢.g., n=3 or 5 if the corresponding high detail threshold 1s
non-zero. Furthermore, 1t may be desirable to only filter the
high detail pixels that are located adjacent to the boundary
between 8x8 blocks. These modifications helps to preserve
desirable image content in the high detail regions, while still
providing some reduction 1n artifacts.

A central feature of the present invention 1s the method for
generating the threshold values (e, €,, €,) 48 that are used
by the sigma filter 46. The highest image quality 1s obtained
when the thresholds are matched to the degree of compres-
sion that has been applied to the image. The degree of
compression 1s directly related to the severnity of the block-
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ing and ringing artifacts that occur in the reconstructed
image 14. As noted previously, blocking artifacts are pri-
marily caused by excessive quantization of low frequency
DCT coeflicients, while ringing artifacts are primarily
caused by excessive quantization of mid/high frequency
DCT coethlicients. Recall that the quantization that 1s applied
to each DCT coeflicient 1s specified by the JPEG g-table.
Because blocking artifacts are most noticeable 1 low detail
regions, the sigma filter threshold for low detail pixels 1s
related to the low frequency JPEG g-table values. Likewise,
ringing artifacts are most noticeable in boundary regions,
and the sigma filter threshold for the boundary pixels is
related to the mid/high frequency JPEG g-table values.

The task of producing the sigma filter threshold values 1s
accomplished using a filter parameter generator 26, and 1ts
detailed operation 1s illustrated 1n FIG. 4. The JPEG g-table
28 (or 28') 1s provided as input to the filter parameter
generator, either directly from the JPEG header if the JPEG
file 1s available or through a g-table estimator, 1f only a
reconstructed 1mage 1s available. The JPEG g-table values
are provided to a high detail threshold generator 52, low
detail threshold generator 54, and boundary threshold gen-

erator 56. Each of these threshold generators computes an
appropriate threshold from the g-table values.

The computation of the thresholds from the JPEG g-table
values can be performed with mathematical functions and/or
lookup tables. Referring to FIG. 35, the various elements of
a JPEG g-table are typically referenced using a zigzag scan
notation, which roughly orders the values from the lowest
frequency (DC) to highest AC frequency. Denote the DC
g-table value as q, and the AC g-table values as q,, q,, qs,
. . . (gs5. Because the blocking artifacts 1n low detail regions
are related to the DC and low frequency AC g-table values,
the low detail threshold generator uses these g-table values
in 1ts computations. For example, the low detail threshold €,
could be linearly related to the DC g-table value q,, 1.e.,

€=k, ‘qo, (3)

where k, 1s a scaling constant that can be either pre-
determined or specified by a user. As the amount of com-
pression 1s 1ncreased, the DC g-table wvalue typically
increases, and Eq. 3 will produce an increase in the low
detail threshold accordingly. The value k; can also be
increased or decreased to provide more or less artifact
reduction, respectively, in the low detail regions. It may also
be advantageous to include a few low frequency AC g-table
values 1n the low detail threshold computation because these
values also can contribute to blocking artifacts, e.g.,

(4)

5
g1 =k 'ZW:' g,
i—0

where w, is a weighting term for the i”” g-table value. In Eq.
4, the DC g-table value and the first five AC g-table values
are used 1n determining the low detail threshold, but other
mathematical relationships (including nonlinear functions)
will be obvious to those skilled 1n the art.

Similarly, the computation of the boundary threshold €, 1s
based upon the mid/high AC g-table values because these
values are directly related to the severity of ringing artifacts.
For example, a weighted combination of mid/high frequency
AC g-table values could be used:
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where k, 1s a scaling constant that can be either predeter-
mined or specified by a user. Other mathematical relation-
ships will be obvious to those skilled 1n the art. The exact
relationship between the g-table values and the low detail
and boundary thresholds can take many forms, but the
general goal 1s to generate thresholds that provide the
desired reduction in artifacts and are robust for different
shapes and amplitudes of g-tables.

The generation of the high detail threshold €, 1n response
to the compression level (1.e., g-table values) 1s more difli-
cult to define than the low detail and boundary thresholds.
This 1s because the high detail regions include both blocking
and ringing artifacts, but the high activity image content 1n
these regions also provides a significant masking of these
artifacts. Because of these complex eflects, it 1s typical to set
the high detail threshold to a very low value, or even to zero,
to preserve as much 1image content as possible. For example,
the high detail threshold could be a function of the DC

g-table q,, as follows:

(6)

Eﬂ:kﬂ"-’fm

where Kk, 1s a scaling constant that can be predetermined or
specified by a user. Moreover, in order to preserve maximum
sharpness, 1t may be desirable to only filter the high detail
pixels that are located adjacent to the boundary between the

blocks.

It may also be advantageous to constrain the difference
between the threshold values that are used for the low detail
and boundary pixels. Because low detail pixels and bound-
ary pixels are always adjacent, large differences in the
thresholds for these pixel classes may produce an objection-
able “switching” artifact, 1.e., a discontinuity 1in signal
characteristics between the adjacent regions. This 1s particu-
larly the case for images that have inherent noise (from
clectronic sensors, film grain, etc.) because adjacent regions
should have similar noise characteristics, but the use of very
different thresholds for the low detail and boundary regions
may result 1n adjacent regions that switch between being
noisy and noise-free. These switching artifacts are easily
detected when such processed images are viewed. In gen-
eral, the boundary threshold €, 1s larger than the low detail
threshold €, for a given level of compression, so an example
ol a constrained threshold difference 1is:

€5=€+A,

(7)

where A 1s the maximum allowed difference between the low
detail and boundary thresholds. Typical values for A include
0, 1, 2, 3.

Referring again to FIG. 4, we show the generation of the
sigma filter window size as being independent of the com-
pression level (1.e., g-table). In practice, we have found that
fixed window sizes yield acceptable results across a wide
range ol compression levels. However, 1t may be advanta-
geous to also vary the window size as a function of the
g-table. This could be accomplished using mathematical

functions or lookup tables as was described for the thresh-
olds.

We have described the adaptivity of the present invention
with respect to the compression level. There may also be
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benefits to adapting the sigma filter parameters to other
image meta-data such as the resolution of the reconstructed
image, as well as various system components such as
characteristics of the display device or media that will be
used to view the processed images.

Although the present invention has been described here-
tofore 1n terms of 1ts applicability to block-transform coded
images, the same methods can be applied to images that
have been compressed with other techniques that are not
block-based. As example of such a compression technique 1s
the JPEG 2000 compression standard, which uses a discrete
wavelet transtform (DWT) rather than the discrete cosine
transform that 1s used in JPEG and MPEG. An image that
has been compressed with JPEG 2000 will not suffer from
blocking artifacts because the inherent nature of the DW'T
does not lead to block-related structures. However, the
quantization of wavelet coethlicients during JPEG 2000 com-
pression will produce ringing artifacts near edges and low
frequency artifacts in smooth regions. The present invention
can be directly applied to JPEG 2000 compressed images to
reduce such artifacts, although 1t may be desirable to use
different processing parameters, such as the segmentation
threshold and the filter thresholds, than were used for the
JPEG-compressed images. As previously described, the
various processing parameters can be adjusted 1n response to
the compression level that was used for the JPEG 2000
compression.

Referring to FIG. 6, there 1s 1llustrated a computer system
110 for implementing the present invention. Although the
computer system 110 1s shown for the purpose of 1llustrating
a preferred embodiment, the present invention 1s not limited
to the computer system 110 shown, but may be used on any
clectronic processing system such as found in home com-
puters, kiosks, retail or wholesale photofinishing, or any
other system for the processing of digital images. The
computer system 110 includes a microprocessor-based unit
112 for receiving and processing soitware programs and for
performing other processing functions. A display 114 1s
clectrically connected to the microprocessor-based unit 112
for displaying user-related information associated with the
soltware, e.g., by means of a graphical user interface. A
keyboard 116 1s also connected to the microprocessor based
unit 112 for permitting a user to mput information to the
software. As an alternative to using the keyboard 116 for
input, a mouse 118 may be used for moving a selector 120
on the display 114 and for selecting an 1tem on which the
selector 120 overlays, as 1s well known 1n the art.

A compact disk-read only memory (CD-ROM) 124,

which typically includes software programs, 1s mnserted nto
the microprocessor based unit for providing a means of
inputting the software programs and other information to the
microprocessor based unit 112. In addition, a floppy disk
126 may also include a software program, and 1s inserted
into the microprocessor-based unit 112 for inputting the
software program. The compact disk-read only memory
(CD-ROM) 124 or the floppy disk 126 may alternatively be
inserted into externally located disk drive unit 122 which 1s
connected to the microprocessor-based unit 112. Still fur-
ther, the microprocessor-based unit 112 may be pro-
grammed, as 1s well known in the art, for storing the
soltware program internally. The microprocessor-based unit
112 may also have a network connection 127, such as a
telephone line, to an external network, such as a local area
network or the Internet. A printer 128 may also be connected
to the microprocessor-based unit 112 for printing a hardcopy
of the output from the computer system 110.

10

15

20

25

30

35

40

45

50

55

60

65

10

Images may also be displayed on the display 114 via a
personal computer card (PC card) 130, such as, as 1t was
formerly known, a PCMCIA card (based on the specifica-
tions of the Personal Computer Memory Card International
Association) which contains digitized images electronically
embodied in the card 130. The PC card 130 1s ultimately
inserted into the microprocessor based unit 112 for permut-
ting visual display of the image on the display 114. Alter-
natively, the PC card 130 can be imserted into an externally
located PC card reader 132 connected to the microprocessor-
based umit 112. Images may also be mput via the compact
disk 124, the floppy disk 126, or the network connection
127. Any 1mages stored in the PC card 130, the tloppy disk
126 or the compact disk 124, or input through the network
connection 127, may have been obtained from a variety of
sources, such as a digital camera 134 or a scanner (not
shown). Images may also be mput directly from the digital
camera 134 via a camera docking port 136 connected to the
microprocessor-based unit 112 or directly from the digital
camera 134 via a cable connection 138 to the microproces-
sor-based unit 112 or via a wireless connection 140 to the
microprocessor-based unit 112.

The specific algorithm disclosed 1n the preferred embodi-
ment of the present mvention for removing blocking and
ringing artifacts may be employed in a variety of user
contexts and environments. Exemplary contexts and envi-
ronments 1nclude, without limitation, wholesale digital
photofinishing (which involves exemplary process steps or
stages such as film 1n, digital processing, prints out), retail
digital photofinishing (film 1n, digital processing, prints out),
home printing (home scanned film or digital images, digital
processing, prints out), desktop software (software that
applies algorithms to digital prints to make them better—or
even just to change them), digital fulfillment (digital images
in—irom media or over the web, digital processing, with
images out—in digital form on media, digital form over the
web, or printed on hard-copy prints), kiosks (digital or
scanned iput, digital processing, digital or hard copy out-
put), mobile devices (e.g., PDA or cellphone that can be used
as a processing unit, a display unit, or a unit to give
processing instructions), and as part of an 1image processing
service ollered via the World Wide Web.

Accordingly, the present invention can be used as a
processing method within many different imaging systems.
For example, walk-up photo kiosks are now common, and
these devices are typically able to accept compressed {files
from various digital storage media such as CDs, floppies,
memory flashcards, etc. A user can mput a compressed file
to the photo kiosk, and the file 1s then decompressed and a
print 1s made from the reconstructed image. By including the
present invention 1n such a system, 1t 1s possible for the user
to process an image with the artifact removal method,
thereby improving the overall image quality. Because of the
automatic adaptation of the filter parameters to the compres-
sion level, the user need only select whether or not the
artifact removal 1s applied. However, 1t may also be advan-
tageous to include one or more controls to vary the degree
of artifact removal in accordance with a user’s preferences.
These controls could be used to adjust the scaling constants
that are used to compute the sigma filter thresholds from the
g-table values as 1 Egs. (3)—(3). In a similar manner, the
present invention could be used 1n other types of digital
photofinishing systems that receive compressed files as
inputs.

Another application of the present invention 1s 1 digital
cameras, where a captured image 1s compressed prior to
being saved on the camera’s storage media. Because the
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artifact removal method can improve the quality of a com-
pressed 1mage, 1t 1s possible to compress an i1mage to a
smaller filesize than would normally be used and yet still
obtain the same final 1mage quality on the reconstructed
image. This allows more 1mages to be saved on the camera’s
storage media. The artifact removal method could be
included 1n the camera itself, or 1t could be made available
as part ol separate 1image processing and/or display software.
The mvention has been described in detail with particular
reference to certain preferred embodiments thereof, but it
will be understood that variations and modifications can be
cllected within the spirit and scope of the invention.

PARTS LIST

10 JPEG-compressed image

12 JPEG decompressor

14 reconstructed image

16 segmentation unit

18 pixel label map

20 filtering umt

22 processed 1mage

24 filter parameters

26 filter parameter generator

28 JPEG g-table

30 g-table estimator

32 local activity map

34 local activity unit

36 low detail threshold Tld

38 low detail labeling unait

40 low detail map

42 boundary pixel labeling unit
44 filter parameter selector

46 81gma llter

48 Slgma lter thresholds (e, €,, €,)
50 sigma filter window sizes (n,, n,, n,)
52 high detail threshold generator
54 low detail threshold generator
56 boundary threshold generator
58 window size generator

110 computer System

112 microprocessor-based Unait
114 display

116 keyboard

118 mouse

120 selector on display
122 disk drive umt

124 compact disk—read only memory (CD-ROM)
126 floppy disk

127 network connection

128 printer

130 personal computer card (PC card)
132 PC card reader

134 digital camera

136 camera docking port

138 cable connection

140 wireless connection

b—”'b—'

What 1s claimed 1s:

1. A method for removing artifacts in a digital image that
has been decoded from a compressed representation of the
image, where the digital image 1s represented by a plurality
of pixels, comprising the steps of:

segmenting the pixels of the digital image into low detail

pixels, high detail pixels, and boundary pixels; and
applying a single filtering method to each pixel in the
digital 1mage, wherein separate filter parameters are
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selected for the filtering method for the low detail, high
detail, and boundary pixels.

2. The method according to claim 1, wherein the com-
pressed representation of the image was produced using a
discrete cosine transform.

3. The method according to claim 1, wherein the com-
pressed representation of the image was produced using a
discrete wavelet transform.

4. The method according to claim 1, wherein the single
filtering method 1s a non-linear filtering method.

5. The method according to claim 4, wherein the non-
linear filtering method 1s implemented as a sigma filter.

6. The method according to claim 35, wherein the filter
parameters include sigma filter thresholds and sigma filter
window sizes.

7. The method according to claim 1, wherein the filter
parameters 1clude a dependence upon the compression
level that was used 1n encoding the compressed representa-
tion of the image.

8. The method according to claim 7, wherein the filter
parameters for the low detail pixels depend only upon low
frequency ones of said quantization parameters.

9. The method according to claim 7, wherein the filter
parameters for the boundary pixels depend only upon mid
and high frequency ones of said quantization parameters.

10. The method according to claim 1, wherein the filter
parameters 1nclude a dependence upon a user-specified
scaling factor.

11. The method according to claim 1, wherein the filter
parameters include a dependence on a resolution of the
digital 1mage.

12. The method according to claim 1, wherein the filter
parameters include a dependence on characteristics of a
display device or media that 1s used to view the digital
image.

13. The method according to claim 1, wherein the step of
segmenting includes comparing a local activity at each pixel
to a predetermined threshold and labeling a pixel as a low
detail pixel 11 the local activity 1s less than or equal to the
threshold.

14. The method according to claim 1, wherein the step of
segmenting 1ncludes determining the boundary pixels as
pixels that are located within a predetermined area of a
predetermined number of low detail pixels.

15. A computer storage medium having instructions
stored therein for causing a computer to perform the method
of claim 1.

16. A method for removing artifacts 1n a digital image that
has been decoded from a compressed representation of the
image, where the digital image 1s represented by a plurality
of pixels each having a specific local activity, comprising the
steps of:

segmenting the pixels of the digital image into a plurality

of different categories based on the local activity of
cach of the pixels; and

applying a filter to each pixel in the digital image, wherein

separate filter parameters are selected for the different
categories ol pixels, and the filter parameters include a
dependence upon a characteristic of the compression
that was used 1n encoding the compressed representa-
tion of the images.

17. The method according to claim 16, wherein the
compressed representation of the image was, produced using
a discrete cosine transform.

18. The method according to claim 16, wherein the
compressed representation of the image was produced using
a discrete wavelet transform.
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19. The method according to claim 16, wherein the step
ol segmenting the pixels includes segmenting the pixels mnto
categories comprising at least low detail pixels and bound-
ary pixels.

20. The method according to claim 19, wherein the filter
parameters, for a given level of compression, are addition-
ally dependent upon a relationship between a value of the
parameters for the low detail pixels and a value of the
parameters for the boundary pixels, whereby the relationship
constrains a difference between the values to a predeter-
mined value.

21. The method according to claim 16, wherein the filter
parameters mnmclude a dependence upon compression level
that was used 1in encoding the compressed representation of
the 1mage.

22. The method according to claim 21, wherein the filter
parameters for the low detail pixels depend only upon low
frequency ones of said quantization parameters.

23. The method according to claim 21, wherein the filter
parameters for the boundary pixels depend only upon mid
and high frequency ones of said quantization parameters.

24. The method according to claim 19, wherein the step
of segmenting the pixels includes additionally segmenting
the pixels into high detail pixels.

25. The method according to claim 24 wherein the step of
applying a filter comprises, besides filtering the low detail
pixels and the boundary pixels, filtering only the high detail
pixels that are located adjacent to a block boundary.

26. A computer storage medium having instructions
stored therein for causing a computer to perform the method
of claim 16.

27. A system for removing artifacts 1n a digital image that
has been decoded from a compressed representation of the
image, where the digital image 1s represented by a plurality
of pixels, said system comprising:

a lirst processing stage for segmenting the pixels of the
digital 1mage into low detail pixels, high detail pixels,
and boundary pixels; and

a second processing stage for applying a single filtering
method to each pixel in the digital image, wherein
separate filter parameters are selected for the low detail,
high detail, and boundary pixels.

28. The system according to claim 27, wherein the com-
pressed representation of the image was produced using a
discrete cosine transform.

29. The system according to claim 27, wherein the com-
pressed representation of the image was produced using a
discrete wavelet transform.

30. The system according to claim 27, wherein the single
filtering method 1s a non-linear filtering method.

31. The system according to claim 30, wherein the non-
linear filtering method 1s implemented as a sigma filter.

32. The system according to claim 31, wherein the filter
parameters include sigma filter thresholds and sigma filter
window sizes.

33. A system for removing artifacts 1n a digital image that
has been decoded from a compressed representation of the
image, where the digital image 1s represented by a plurality
of pixels each having a specific local activity, said system
comprising;

a lirst processing stage for segmenting the pixels of the
digital 1mage to a plurality of different categories
based on the local activity of each of the pixels; and

a second processing stage for applying a filter to each
pixel in the digital 1mage, wherein separate filter
parameters are selected for the different categories of
pixels, and the filter parameters include a dependence
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upon a characteristic of the compression that was used
in encoding the compressed representation of the
1mages.

34. The system according to claim 33, wherein the com-
pressed representation of the image was produced using a
discrete cosine transform.

35. The system according to claim 33, wherein the com-
pressed representation of the image was produced using a
discrete wavelet transform.

36. The system according to claim 33, wherein the first
processing stage segments the pixels into categories com-
prising at least low detail pixels and boundary pixels.

37. The system according to claim 36, wherein the filter
parameters, for a given level of compression, are addition-
ally dependent upon a relationship between a value of the
parameters for the low detail pixels and a value of the
parameters for the boundary pixels, whereby the relationship
constrains a difference between the values to a predeter-
mined value.

38. The system according to claim 33, wherein the filter
parameters include a dependence upon a quantization level
that was used 1n encoding the compressed representation of
the 1mage.

39. The system according to claim 38, wherein the filter
parameters for the low detail pixels depend upon low
frequency quantization parameters.

40. The system according to claim 38, wherein the filter
parameters for the boundary pixels depend upon mid and
high frequency quantization parameters.

41. A method for removing artifacts in a digital image
decoded from a compressed 1image, the digital image having
a plurality of pixels, the method comprising the steps of:

segmenting the pixels of the digital image into three

groups: low

detail pixels, boundary pixels, and high detail pixels, each

of said groups being exclusive of pixels of the other
said groups; and

filtering said digital image, said filtering using dif

filter parameters for each of said groups.

42. The method of claim 41 wherein said segmenting
further comprises:

segmenting the pixels of the digital image into low detail

pixels and other pixels; and

segmenting said other pixels into boundary pixels and

high detail pixels.
43. The method of claim 41 wherein said segmenting
turther comprises: determining a map of local activity values
of said digital image, said local activity values each being
associated with a respective said pixel;
assigning said pixels to said groups using said map.
44. The method of claim 43 wherein said segmenting
further comprises assigning to said group of low detail
pixels, ones of said pixels having respective said local
activity values less than or equal to a predetermined thresh-
old.
45. The method of claim 43 wherein said segmenting
turther comprises: determining a number of said low detail
pixels within a
predetermined area of each of said other pixels to provide
a low detail pixel number; and

assigning to said group of boundary pixels, ones of said
other pixels having a respective said low detail pixel
number greater than a predetermined number.

46. The method of claim 41 wherein said filtering further
comprises liltering with a sigma filter and said filter param-
cters are sigma filter thresholds and sigma filter window
S1ZES.

‘erent
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47. The method of claim 46 wherein the filter parameters
for the low detail pixels depend only upon low frequency
quantization parameters ol the compressed 1mage and the
filter parameters for the boundary pixels depend only upon
mid and high frequency quantization parameters of the
compressed 1mage.

48. A system for removing artifacts in a digital image
decoded from a compressed image, the digital image having
a plurality of pixels, the system comprising:

16

a first processing stage segmenting the pixels of the digital
image into three groups: low detail pixels, boundary
pixels, and high detail pixels, each of said groups being
exclusive of pixels of the other said groups; and

a second processing stage filtering said digital image, said
filtering using different filter parameters for each of
said groups.
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